In the present research, the physics and chemistry tests were conducted, and microstructural analyses were made on the cracked regions of the bar after cold forging by using a SUPRA 35 scanning electron microscope (SEM) equipped with a Oxford energy dispersive spectrometry (EDS) microanalysis. The formation of nonmetallic inclusions during metallurgical process is investigated. The results have shown that the internal defects such as shrinkage porosity and square segregation, etc do not result in cracking phenomenon occurring during cold forging. Nonmetallic inclusions lead to significant stress concentration. The presence of them in continuously cast low-carbon cold forging steel is the basic reason for the cracks. Some of film non-metallic inclusions consisted of MnS and CaS. They are related to the desulphurization of hot metal. A lot of film non-metallic inclusions are mainly composed of magnesia alumina spinel (MgO·A1 2 O 3 ). Magnesia alumina spinel (MgO·A1 2 O 3 ) is considered to be from the tundish lining collapse, which results in exogenous inclusions. It is necessary for low-carbon cold forging steel during continuous casting to strengthen the tundish quality.
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INTRODUCTION
Low-carbon steels are widely used in the building industry. It is necessary to consider the sound performance of these products during their forming and final application [1] . The properties of these steels depend to a certain extent on the quality properties of a continuously cast billet (CCB) metal,. Controlling nonmetallic inclusions in steel is the most important key to improve both the quality and the productivity of steelmaking processes [2] [3] [4] . The effect of non-metallic inclusions on the properties of the final cast product has been studied extensively during the past two decades [5] .
Continuous casting is an important process during low-carbon production. In many cases, a large-sized slab or billet manufactured by the continuous casting or ingot casting process is rolled as the material for manufacturing these products [6] . Non-metallic inclusions in continuously cast low-carbon cold forging steel will result in cracking phenomenon occurring during cold forging.
This study aimed at finding the reason of cracking phenomenon occurring during cold forging. The physics and chemistry tests were conducted, and microstructural analyses were made on the cracked regions of the bar after cold forging to investigate the formation of non-metallic inclusions.
EXPERIMENTAL PROCEDURES
Al-Mn alloys were added for deoxidation at first when tapping. Al wires were fed at argon feeding station and LF refining. The desulfurized hot metal was continuously cast. Continuous casting involves the following sequence of operations: (1) Delivery of liquid metal to the ladle, (2) Flow of metal through a tundish into the casting mould, (3) Formation of casting billet. Continuous casting process is shown in Fig. 1 . Wire rod products were obtained after controlled rolling and cooling. The chemical composition of of low-carbon cold forging steel product (mass percent, %) is C0.29, Si 0.11, Mn0.71, S0.024, P0.018.
Liner material of ladle is made of MgO-C bricks. Dry type material was added water to form pouring basket. The compositions at variance place of tundish are shown in Table 1 . The compositions of tundish consist mainly of MgO and Al2O3. The specimens were collected from the cracked regions of the cold forging steel product. To evaluate metallurgical defect of the bar, macrographic examination were etched with 50％HCl water solution, and the temperature of hydrochloric acid etching was 70~80℃. The fracture surfaces of the specimen were observed in detail. The longitudinal section of the bar before cold forging was observed using a Leica light optical microscope (LOM) to examine non-metallic inclusions content. Metallographic specimens were observed in a SUPRA 35 scanning electron microscope (SEM) equipped with a Oxford energy dispersive spectrometry (EDS) microanalysis to determine the topography of the fracture surface of the cracked region.
RESULTS AND DISCUSSION
Macrostructure
The crack was found to be distributed along the longitudinal section of the cold forging steel. There was a severe plastic deformation close to the crack. Table 2 presents the measured value of the casting defects and the standard requirements of the bar after macroscopical test.
The shrinkage porosity and square segregation were all some natural casting defects. These internal defects conform to the standard requirements [7] . They are not deleterious in rolled products. Cracking phenomenon occurring during cold forging should not be related to these casting defects. Fig. 2 is optical and SEM micrographs for the longitudinal section of the bar. A lot of compound layers in fractography in SEM of the specimen and results of EDS point analysis of composition of the matrix can be observed (Fig. 2 (b) (c) ). The fracture morphology exhibits a lot of compound layers. They are composed of complex oxides containing Mg, Al, Mn, Fe, S, Ca and O. Magnesia alumina spinel (MgO·A12O3) was confirmed by atomic number percentage. 
Inclusion Characterization
Analysis of Cracking Phenomenon Occurring During Cold Forging
Chemical composition of the cold forging steel is unerring. Fracture surface is characterized by some ductile dimples. The plasticity of the bar products is satisfactory according to macrographic and microscopic observation. The reason of cracking phenomenon occurring during cold forging should not be attributed to the brittle fracture. The presence of non-metallic inclusions in cold forging steel is only reason of cracking.
Inclusions in steels are oxides or sulfides or "composite" inclusions and can be exogenous and indigenous [8] reactions during smelting. The size distribution of the inclusion population after deoxidization is the result of the processes of nucleation, growth and removal, the interpretation of each size distribution can be used to provide valuable information on the growth and nucleation histories and growth mechanisms [2] . It is necessary to conduct desulphurization of hot metal during the smelting. The calcareousness which consists of CaO was used. CaS and MnS were obtained according to the chemical reactions:
[S]＋（CaO）→（CaS）＋ [ O] (1)
Spinel (MgO·Al2O3) is known as one of the most harmful non-metallic inclusions in steel [9] . As mentioned previously, aluminium wire was fed into molten steel to oxigenate before LF refining. MgO ·Al2O3 was obtained according to the chemical reactions:
Increases of MgO and Al2O3 contents were prominent in tundish specimens, and thus, the spinel phase could be crystallized in the calcium silicate inclusion matrix in the tundish; and finally the spinel crystals grew during cooling of the steel melt through the continuous casting mold and in the slabs [10] .
Non-metallic inclusions are one of the most significant problems associated with the continuous casting process. It is impossible for hot metal refined to achieve optimal in non-metallic inclusion removal, although LF refining process was carried out. Hot metal crashed and tumbled over ladle lining in the tundish. The chemical reaction takes place due to the presence of A12O3 (FeO·A12O3) in hot metal. And magnesia alumina spinel (MgO·A12O3) emerges in CCB, it was confirmed by the result of EDS point analysis.
Spinel (MgO·Al2O3) is known as one of the most harmful non-metallic inclusions in steel [11] . Non-metallic inclusions are one of the most significant problems associated with the continuous casting process. It is impossible for hot metal refined to achieve optimal in non-metallic inclusion removal, although LF refining process was carried out. Hot metal crashed and tumbled over ladle lining in the tundish. The chemical reaction takes place due to the presence of A12O3 (FeO·A12O3) in hot metal. And magnesia alumina spinel (MgO·A12O3) emerges in continuous cast billet, it was confirmed by the result of EDS point analysis. Poor laying quality of the tundish increases the probability of the appearance of spinel. Magnesia alumina spinel (MgO·A12O3) is considered to be from the tundish lining collapse, as shown in Fig. 2 . These non-metallic inclusions have deleterious effects on cold forging steel product. They affect and even interrupt the steel flow during casting [5] .
Non-metallic inclusions are an inevitable consequence of continuous cast billet. The interfacial strength of MnS inclusions is rather low, resulting in early debonding during the loading process. Magnesia alumina spinel (MgO·A12O3) is the most important effect to lead to cracking. The tundish lining collapse results in exogenous inclusion. This is mainly attributed to the tundish quality during continuous casting. It is necessary for low-carbon cold forging steel during continuous casting to strengthen laying quality of the tundish.
CONCLUSIONS
(1) The internal defects such as shrinkage porosity and square segregation, etc do not result in cracking phenomenon occurring during cold forging. Non-metallic inclusions lead to significant stress concentration. The presence of them in continuously cast low-carbon cold forging steel is the basic reason for the cracks.
(2) Some of film non-metallic inclusions consisted of MnS and CaS. They are related to the desulphurization of hot metal.
(3) A lot of film non-metallic inclusions are mainly composed of magnesia alumina spinel (MgO·A12O3). The tundish lining collapse results in exogenous inclusions. It is necessary for low-carbon cold forging steel during continuous casting to strengthen the tundish quality.
